N-Methylpretrichodermamide B (I), pretrichodermamide C (II), quinolactacide (III) and 8-methoxy-3,5-dimethyl-3,4-dihydro-1Н-isochromen-6-оl (IV), isolated from the marine fungus Penicillium sp., were examined for their ability to stimulate growth of seedling roots of buckwheat (Fagopyrum esculentum Moench), wheat (Triticum aestivum L.), soy {Glycine max (L.) Merr.}, and barley (Hordeum vulgare). It was shown that the stimulatory effects depend on the chemical structure of the compounds and on the plant species. Compounds I and III improved the rate of growth of seedling roots of buckwheat (1) and wheat (2), compound II stimulated growth of buckwheat roots (1), and compound IV improved growth of seedling roots of wheat (2) and soy (3). These compounds can be recommended for field study as plant growth stimulators.
It is known that marine fungi are promising sources of biologically active substances of different nature [1] [2] [3] . Metabolites of the fungus Penicillium citrinum possess a broad spectrum of biological activities, including insecticidal, antitumor and cytotoxic activities against various human cancer cell lines [4] [5] [6] , but no effort has been put into the study of their agricultural use as plant growth stimulants.
A number of known metabolites were isolated from a marine algalderived fungus P. citrinum that was recently described [7] . In this work we studied the impact of N-methylpretrichodermamide B (I), pretrichodermamide C (II), quinolactacide (III) and 8-methoxy-3,5dimethyl-3,4-dihydro-1Н-isochromen-6-оl (IV) ( Figure 1 ) for their ability to stimulate growth of seedling roots of buckwheat (Fagopyrum esculentum Moench) (1), wheat (Triticum aestivum L.) (2), soy {Glycine max (L.) Merr.}(3), and barley (Hordeum vulgare) (4). Tables 1 ̶ 4 , phytoregulatory effects depend on the structure of the compounds and on the plant species. N-Methylpretrichodermamide B (I) showed the maximum stimulatory effect (11, 10 and 9%) on the growth of seeding roots of buckwheat (1), wheat (2) and barley (4) at a concentration of 0.01 µg/mL (Table 1 ). This compound showed the maximum inhibitory effect (22, 41 and 7%) on the growth of seeding roots of buckwheat (1), soy (3) and barley (4) at a concentration of 10.0 µg/mL, respectively.
As seen in
Pretrichodermamide C (II) showed a stimulatory effect (10%) on the growth of seeding roots of buckwheat (1) at a concentration of 0.001 µg/mL (Tables 2). Compound II had no effect on the growth of seedling roots of wheat (2), soy (3) and barley (4). Quinolactacide (III) showed a stimulatory effect (9 and 10%) on the growth of seeding roots of buckwheat (1) and wheat (2) at a concentration of 0.1 µg/mL (Tables 3) . This compound showed an inhibitory effect (14%) on the growth of seeding roots of soy (3) at a concentration of 10.0 µg/mL, but had no effect on the root growth of barley seedlings (4). Heteroauxin, as a positive control, showed a stimulating effect at concentrations of 0.0001-0.001 µg/mL, and at concentrations of 0.01 µg/mL or higher had an inhibitory effect (Tables 5). N-Methylpretrichodermamide B (I), pretrichodermamide C (II), quinolactacide (III) and 8-methoxy-3,5-dimethyl-3,4-dihydro-1Нisochromen-6-оl (IV), isolated from the marine fungus Penicillium sp., had a selective effect on the growth of seedling roots of crop plants. Compounds I and II showed the greatest stimulatory effect on the growth of seeding roots of buckwheat (1) . Compound I was more active than compound II, due to the presence at C-5 of chlorine (I) instead of an OH-group (II). It is known that compound I showed pronounced cytotoxicity against the murine lymphoma L5178Y cell line with an IC 50 value of 2 mM [6] . Compound III showed a weak stimulatory effect on the growth of seeding roots of buckwheat (1) and wheat (2) . It is known that compound III showed 88% mortality against green peach aphids (Myzus persicae) at 250 ppm [4] . Compound IV showed the greatest stimulatory effect on the growth of seeding roots of wheat (2) and soy (3) . It was earlier shown that compound IV exhibited weak anticoccidial and cytotoxic activity [8] . The obtained results show that the studied fungal metabolites are promising substances, since they demonstrated growth stimulatory effects on the germination of seedling roots of crops comparable with those of the standard growth stimulant heteroauxin, and, therefore, could be recommended for field study as plant growth stimulators. 
Experimental

Extraction and isolation:
The fungal mycelia with the medium were extracted for 24 h with 3.0 L of EtOAc. Evaporation of the solvent under reduced pressure afforded a brown oil (6 g), and 150 mL H 2 O-EtOH (4:1) was added to it. The combination was thoroughly mixed to yield a suspension, which was extracted successively with n-hexane (150 mL × 2), EtOAc (150 mL × 2) and n-BuOH (150 mL × 2). Compound III (500 mg) precipitated as a pale-yellow powder from the EtOAc fraction. The EtOAc fraction was concentrated in vacuo to give a residue (3 g), which was separated on a silica gel column (10 × 2 cm) eluting with a nhexane-EtOAc gradient (1:0 -0:1). The n-hexane-EtOAc fraction (95:5) contained IV (450 mg). The n-hexane-EtOAc fraction (1:1) was purified on silica gel (n-hexane-EtOAc, 65:35) to yield I (76 mg). Another n-hexane-EtOAc fraction (1:1) was purified by RP HPLC on a YMC ODS-AM column eluting with MeOH -H 2 O (65 :35) to yield II (9 mg).
Phytoregulating activity:
The seeds of buckwheat (Fagopyrum esculentum), wheat (Triticum aestivum), soy (Glycine max) and barley (Hordeum vulgare) were harvested in 2014. The assay was adapted from a published method [9] .
